The two approaches used are quite different even though the solutions are similar. The variance in each case was found to be a function of the effective bandwidth of the signal and noise, and the signal-to-noise ratio.
(58)
These results indicate that with the chosen filter, the standard deviation of the registration error is quite small.
IV. CONCLUS ION An evaluation of the quality of the registration of two images is possible via an estimate of the variance of the error. This should prove useful in several respects. It may be a basis for the analysis of different registration systems by giving a way to estimate the expected accuracy of the system. It also provides a straightforward way of estimating this error.
The two approaches used are quite different even though the solutions are similar. The variance in each case was found to be a function of the effective bandwidth of the signal and noise, and the signal-to-noise ratio.
As a final consideration the basic assumptions needed for the two methods are listed. These assumptions are important and must be realized fully to be sure that they apply to the situation in which they will be utilized. For the first method these assumptions are: the noise is additive and independent of the signal; the joint probability density function of the noise is Gaussian; the a priori distribution of the delay parameters is uniform over the range of interest; the variance may be modeled in the x-axis and y-axis directions separately; the final result is dependent upon a large signal-to-noise ratio [cf. step from equation (12) to (13)1. The basic assumptions for the second method are: the noise is additive and independent of the signal; the noise spectrum must be known; the chosen filter is the "matched filter;" to obtain results completely analogous to the first method there is one further assumption that must be. made (NOAA, 1974) .
The sun angle at the time of the overpass was 30 degrees.
II. ANALYSIS PROCEDURE
During the early analysis of the MSS data, it was discovered that channels eight and thirteen (see Table 1 ) were misregistered by one pixel. The misregistration was corrected by the Data Processing Group at LARS, but the authors, at this time, do not know how the misregistration occurred. After the MSS data were registered, the Data Processing Group, using programs they have developed, rotated the data so that the top of the MSS data is due north. The top of the original data is northwest because of the orbital inclination angle of the Skylab space station.
A measure of the noise in each channel of the MSS data was obtained by computing the mean and standard deviation of five areas of Lake Michigan each totaling 250 points, similar to the method used previously by the authors (Biehl and Silva, 1975) . Lake Michigan was chosen because it was the most uniform spectral scene in the data set. The results are given in Table 2 .
An attempt was made to "calibrate" the FIR channel by converting the data counts of the FIR channel to equivalent temperature. The procedure consisted of converting the data count to radiance (R), using A0, E0, A1 and El given in the original tape header record and equation one (Philco-Ford Corporation, 1973) .
The radiance (R) was then converted to temperature in degrees Kelvin using the table given in the Skylab S-192 data calibration documentation (Instrumentation Integration Branch, 1974). The table was produced by integrating over the actual bandpass of the FIR detector. A weak point in this procedure is that the table for converting radiance to degrees Kelvin was developed using the bandpass of the original FIR detector, not the new detector for the X-5 array that was installed midway through the SL-4 mission. The actual bandpass information for the new detector was not available. The detectors are supposed to be similar so that any difference should not affect the table significantly. The correlation of the FIR channel data count and equivalent temperature for the training statistics used to represent the twelve spectral classes are given in Table 3 . It should be noted that no correction has been made for atmospheric attenuation.
The pattem recognition programs that have been implemented on the computer at LARS in a software package called LARSYS (Phillips, 1973) were used in a level two classification of the test area. The level two classification corresponded to the land use classes suggested by Anderson et al. (Anderson etal., 1972) .
Areas of the test site were clustered and then, using the support photography from the Michigan aircraft, training areas were selected for residential, commercial, industrial, "'stone"
(parking lots and runways), grass covered areas, bare land, forest, water, and snow classes. See Table 4 (Swain, 1972) was used to obtain a measure of separability of the land use classes using different combinations of spectral channels. Transformed divergence behaves similar to the probability of correct classification (Swain, 1972 classes. The average of all pairwise combinations can be used to extend the separability measure to a multiclass case. D(min)
is the minimum separability of the 62 pairwise combinations.
The maximum separability measure is 2,000, since transformed divergence is a saturating divergence measure. Three different combinations of four channels were used to classify the test area-the best four channels (4, 8, 11, 13) , the best four without the FIR channel (4, 7, 8, 11 ) and the best four without a MIR channel (4, 8, 9, 13) . The "best" maps are shown in Figures 1, 2 , and 3. The acreage estimates of the classes for the three classification sets along with the estimates given in the 1968 Soil and Water Conservation Needs Inventory for Allen County are given in Table 8 . The acreage estimates were found using a conversion factor III. DiscussION OF RESULTS The data quality measures (Table 2) indicate that the MIR and FIR channels are the best, the NIR channels next best and the VIS channel the worst, considering the smallest standard deviation to represent least noise in the data. The standard deviation for the FIR channel (2.5) represents approximately 1.2°C. The best four channels considering data quality were not selected as the best four channels considering information content (separability). However, within the NIR and MIR regions, the channels with the least noise tended to be selected over the "noisier" channels according to the noise measure used (Table 2 ) and the separability tables. (Tables 5, 6 , and 7).
The FIR channel could distinguish the areas with buildings from the cooler undeveloped land, as indicated in Table 3 and Figure 4 . The equivalent temperatures of the grass and residential areas overlapped some but the grass exhibited much higher reflectance in the NIR channels than did the residential areas. The industrial centers in Allen County were very distinguishable from their surroundings in the FIR channel; they were much warmer. In the channels (4, 8, 11, 13) classification, school buildings (such as Ft. Wayne Northrop) were classified as industrial. The school buildings are built similar to the factories with large areas of flat tarred roofs. The higher thermal energy being radiated from these buildings is probably due to a combination of the building heat loss and the high solar absorption of the black tar roofs. This is speculated to be the same reason for the residential areas being warmer than the undeveloped land. However, since the houses are smaller than the factories and school buildings, residential areas are cooler than the industrial centers and schools.
The surface of grass covered areas is generally warmer than bare land. The grass blades act similar to a black body, absorbing the solar energy from the sun. The grass blades insulate the ground beneath which acts similar to a large heat sink in areas with no cover. Therefore, the surface of the grass is warmer than bare land.
The different temperatures for the three bare land classes is The separability information given in Table 6 for the best four channel combinations indicate that the FIR channel is relatively important for separating the spectral classes being used for this study. The FIR channel is selected in every one of the top ten combinations; in fact, it was selected in the top 21 combinations. Channels 4, 7, 8, 11 were the 22nd combination with a D(ave) of 1895 and D(min) of 772. The low class combination was industrial and bare land. Other class combinations with a separability less than 1500 were residential-bare land and commercial-industrial.
The FIR channel is selected eight times in the top ten combinations of three channels. (See Table 5 .) However, there is always at least one pair of classes that will be hard to separate with any combination of three channels. Generally, any class combination with a separability measure less than 1500 will be hard to separate. According to the separability measures, at least four channels are needed to obtain a good class separation in a classification of the study site.
The FIR channel is selected in all of the top ten combinations of five channels (Table 7) . It is actually chosen in the top 29 combinations of five channels. (32 possible combinations of channels exist that include the FIR channel.)
The MIR region of the spectrum also appears to be important in the separation of the classes for this study in that a channel from that region is selected in the top ten separability combinations using both four channels and five channels. The highest four channel combination that does not include a MIR channel (4, 8, 9, 13 ) is ranked 14th. The 4,8,9, 13 combination has a D(ave) of 1907 and a D(min) of 744. The pair of classes having the minimum separability is grass and one of the bare land classes.
Another observation from Table 6 is that a VIS, NIR, MIR, FIR combination occurs seven times in the top ten combinations. There are eight possible combinations of VIS, NIR, MIR, FIR. This same phenomenon also occurs in Tables  5 and 7 . The channel combinations which give the best separability for the classes considered tend to be those that have as many of the four spectral regions as possible represented. In the top ten combinations of the three channels, none of the four spectral regions is represented twice. In the top ten combinations of five channels every region is represented at least once.
The classification maps of Allen County (Figures 1, 2, and 3 The results in Table 8 indicate that nearly three or four times as much area in the classification without the FIR channel was classified as urban than in the classifications with a FIR channel. The 4, 8, 11, 13 classification is probably the most representative of the area with approximately ten percent classified as urban. This urban figure doesn't include the areas in Allen County which are usually considered part of the urban area but are not represented by buildings as parks, golf courses, and railroads. These areas were either classified as grass or bare land. Therefore, the urban figure from the classifications is expected to be lower than that given in the Soil & Water Conservation Needs Inventory (SCNI). Also, the areas represented by the classifications sets are not the exact area represented by the SCNI figures.
The acreage of forest in the classification sets is lower than that given in the SCNI data because of the inability to separate the wooded areas without snow from bare land areas. The water figure in the SCNI data includes only small bodies of water less than forty acres. The water figure in the classifications include the rivers and the areas which were flooded.
More extensive comparisons of the acreage estimates is being planned with more recent and detailed data from the Allen County Plan Commission but the task hasn't been completed at the time of writing this paper.
IV. CONCLUSIONS
The study indicates that a FIR channel with a detectivity and a responsivity of that in the X-5 detector array can be very valuable for winter time land use studies with spacecraft multispectral data. The FIR channel can distinguish the areas with man-made buildings from the cooler undeveloped land. The FIR channel can also distinguish different urban classes. The commercial and industrial areas are warmer than the residential areas. As mentioned before, it is speculated that the urban areas are warmer than the undeveloped land because of a combination of building heat losses and high solar absorption by the asphalt roofs.
A MIR channel also appears helpful in delineating the classes considered. In fact the results indicate that for the channels available in this data set, at least one channel is needed from each of the following spectral regions-VIS, NIR, MIR, and FIR to most effectively separate the land use classes considered in this study.
Future consideration for land use studies using spacecraft multispectral data should include temporal data sets with FIR channels. A temporal overlay of two multispectral data sets which include a FIR channel, one obtained in the winter months and one obtained in the summer months, may be a very effective data set for land use work. A more complete level two breakdown of the land use classes may be possible.
APPENDIX'
More recent and complete land-use acreage estimates were obtained during a meeting with the Allen County Plan Commission (ACPC) and the Ft. Wayne Department of Community Development and Planning (Ft. Wayne) on April 16, 1975 . This information is given in Table 9 .
The acreage estimates in Table 9 include only Allen County (i.e.. that portion of the test site that was in Whitley County was deleted). Also the ACPC estimate for Monroe Township has been deleted from the planning commission totals since this township is the major portion of the county for which no S192 data were available.
As one can see by comparing Table 9 and Table 8, The ACPC and Ft. Wayne estimates for residential includes those areas which are golf courses and parks which account for a major share of the difference in the best four channel classification (4, 8, 11, 13) and the planning commissions' estimates. Golf courses and parks were delineated as grass in the classifications.
The major concern is the underestimate of commercial and industrial. The commissions' estimates for industrial and commercial include the area owned by the businesses or industriesi.e., buildings, parking lots, and landscaped property. In the classifications, the buildings themselves were delineated as commercial or industrial and the stoned parking lots as hard surface but the asphalt paved parking lots many times were delineated as residential. Also a portion of downtown Ft. Wayne (commercial) was delineated as residential. The railroad right-ofway through Ft. Wayne is considered as commercial in the Ft.
Wayne estimates, while in the classification it was delineated as bare land. These are probably the major sources of error in the classification estimates for commercial and industrial.
Other land under the commissions' estimates include that
IThese results are not in the proceedings, but were included in the presentation of the paper. These results indicate that the inclusion of the far-infrared channel of the type in the X-5 detector array can be a significant help in multispectral analysis for land-use mapping. There are still some problems; however, a temporal overlay of summer data with winter data may solve many of them. For example, downtown Ft. Wayne should be easily separated from the residential areas during the summer months because of the lack of trees in the downtown commercial area.
